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WARNING

THIS DOCUMENT CONTAINS INFORMATION AFFECTINGTHE

NATIONAL DEFENSE OF THE UNITED STATES .WITHIN THE
MEANING OF THE ESPIONAGE LAWS, TITLE 18, uU.S.C.,
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FOREWORD
MS 5-65 is a summary of developments in the Sino-Soviet

Bloc missile and space téchnology. Intelligence available as of’
31 May 1965 ‘was utilized in .the preparation of this report.

Comments or queries concerning the material contained. in this
report should be sent to the Commanding General, U. S. Army
Missile Command, ATTN: Directorate of Missile Intelligence,
Redstone Arsenal, Alabama. :
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I. SUMMARY o

The Ssﬁts recently released a TV film showing firings of defensive
missiles as the SA-1 and SA-2 antiaircraft mlssﬂes the antiaircraft
system of the KYNDA class ship, the GRIFFON and GALOSH antimissile
missiles, and one new system whose role other than defensive has not been
firmly identified. No significant new information has been derived from the
antiaircraft missile coverage, but the film did provide more information
on the AMM s as well as the newly identified system.

A third antiarmor missile system, which is similar in concept to the
SNAPPER and SWATTER systems, was displayed for the first time in the
Moscow Parade of :9 May 1965. The basic carrier was a modified 4 x 4
amphibious armored reconnaissance vehicle (BRDM) that carried six antitank
missiles on a single-post launcher mechamsm

-ICBM launch activity included three firings - two SS-7's and one SS—9 ~to
the Kamchatka impact area; six additional operations resulted in cancellations

. or failures. Although there is tenuous evidence that some of these operations
involved either SS

or SS-9 missiles, the rather large number of cancellations
and_failures noted this year suggests that a new missile(s) may be under
test.

An"SS-4 missile was launched from the Kapustm Yar M1ssﬂe Test Range- -
(KYMTR) on 12 May and, according to RADLNT, lmpacted in thé 1050 nm
area. .

Two probable SS-3 1%1ssﬂes were successfully launched to the 650 nm
impact area, one each on 25 and 26 May, and were probably conducted for
crew s.tzrammg

: Commumcation groups. between rangehead and the 150 nm area of the
KYMTR were active on 15 occasions during May, but only five periods of
activity resulted in identified launches: two probable launches that were likely
routine crew training firings and threej.confirmed launches of a vehicle
1nstrumented with 76 mc/48 - channel telerffetry. :

A KY-2 missile was fired to about 458 nm downrange in what appeared
to be a reduced research and developmenttest on 26 ‘May. The communication

-participants in this operation were located at rangehead and 1n the general

impact area; only one telemetry system was mtercepted

The Soviets launched two photo-reconnaissance satellites and one lunar
probe vehicle during May. Both satellites were deorbited and apparently
recovered,! but the lunar probe was not a complete success since this vehicle
apparently made a hard impact on the moon, its announced m1ss10n being a
soft landmg o o

e .
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Soviet naval missile activity was limited to three probable and two possible
ballistic missile launchings in the Northern Fleet area. All of these operations
were probably for routine crew training.' In each operation the missile was

‘launched from the Ostrov Kildin area along the Murman Coast line-of-fire

.to the Chizha impact area, a distance of 273 nm. The three probable launchings

are believed to have involved SS-N-4 missiles from G class submarines; the

- two possible launches probably also involved SS-N-4 missiles, but this cannot

be established.

““Three new missiles were displayed in the Moscow Parade of 9 May 1965:
a two-stage solid propellant missile, nicknamed SCAMP; a three-stage liquid

propellant ICBM, nicknamed SCRAG; and a three-stagesolid IEBM, nicknamed ’

SAVAGE. It is felt that the SCAMP probably has an MRBM capability, but
would require a propulsion system equal to the best U. S. system and a small

payload (1000- pounds or less) to achieve the 2150 nm range claimed by the

Commander in Chief of the Soviet Rocket Forces. The SCRAG has an inter-
continental and/or earth orbit capability; a preliminary analysis indicates that
it could be either the SS=8,SS-100r a new space vehicle. The SAVAGE, if it is
an ICBM, would indicate that Soviet solid propellant technology is.comparable
to that of the U. S. It employs either a-‘compositeror awcomposite madified
double-base solid propellant has an Ispy of at least 260 seconds, and can
deliver an(800 pound'RY 16 5700 nm. ‘ _ '

Because of increased Chinese security measures, there has been a loss

in the identities of some advanced-weapons-related aircraft in west China.
L L Rttt
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1. DEFENSIVE MISSILE SYSTENIS

A. Antimissile Missile Sysrems

1. Cyggent Activity

:No operational activity was observed on the Sary Shagan
Antimissile Test Center (SSATC) during May. The 06S and 16S communica-
_tions groups have not been heard in even routine communications since
26 and 29 April 1965, respectively. One SS-4 was launched from Kapustin
Yar to the 1050 nm impact area during theimonth (Table 1), but there is
no evidence of SSATC .interest in the operation. Figure 3 is a compilation
of all SSATC - related activity. '

2. Analysis of Soviet TV Fiim

L Recently, the Soviets. released -a TV film entitled "Soviet
Rockets For Peace'' which showed some of their military capabilities in
the missile field. The film provided coverage of firings of defensive missiles,
including SA-1 and SA-2 antiaircreaft missiles, the antiaircraft system on
Bhe KYNDA class ship, GRIFFON and GALOSH antimissile missiles, and
one new system whose role cther than defensive has not been firmly identified. .
No Significant new informaiion has beenderived fromthe antiaircraft missiles;
however, the film did provide mcre information on the AMM's as well as
a newly igentified system (paragraph c¢). Several items of electronics
associatedith surface-to-air and AMM systems were shown. These ‘included
the probable HEN ROOST antenna seen at Sary Shagan in April 1960, and,
probable HENAEGG/HEN NEST sites as well as two new radars. A complete
analysis of all the electronics will " be made after receipt of stills and
scalings of the film. : : . . '

"2
N

&4
a. GALOSH Firing

The GALOSH " missile as seéen in the video tape is of a
two-stage tandem configuration and\employs four clustered eolid rocket
motors similar to the zGRIFFON bdoster for the first stage propulsion
system. The overall length of the bcoster sectior appears to be slightly
longer than the previously estirnated 15 feet; the second stage propulsion
system has not Ybeen -positively determined but could. possibly be solid.
The aerodynamic configuration of the missile differs slightly from the
configuration depived from the analysis of the Moscew, parade phetography, .
the main differeff®e being in the apparent configuration of the sustainer stage. -
The second sstage configuration appears: to be of cconical shapa, rather than
a cone-cylinder-frustrurn secrion. This conical shape would eliminate the
use of fins and/or a frustrum section thar would otherwise be required for
second stage stability, thus reduecing the drag and any thermal dynamic:
heating problems on the leading edges of the fins. '

“ The four booster fold-out fins are used ia conjunction
with the aerodynamic shaping of the second stage for stabilizing the vehicle
during the -boost phase; these fins are of a clipped-delta planform and are
actuator- controlled. The wvideo clip indicates that the fins are actuated
simultaneously upon clearing the launch tube and that they have a rather
high rate of rotation, ' S :

1
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TABLE 1. TABULATION OF SSATC PARTICIPATION IN FIRINGS ‘

Launch «Point

Kapustin¥*
Yar

Kapustin¥*
Yar

Makat -

SpP-12

Chelkar
SP-5

Missile

8K65

8K63

8K63

8K51

SP-2 DO4B .
8Zh38 -

Range (Approx)

1050

1050

< 780

:517

| 275

YEAR
1957

QTR
3rd
4th

8

1958

lst.

2nd
3rd
4th

1st
2nd
3rd
4th

1st
2nd

3rd

4th

1st
2nd
3rd

| 4th

1st
2nd
3rd
4th

1st’

2nd

3rd "
14th

1st

' 2nd

3rd
4th

1st
2nd

:| 3rd

4th

27

TOTAL

9

234(8)

32(17)

37(19)

18(1) | 16(5)

*After January 1961 there is no way to determine the participation of SSATC'
since the communications link had been deactivated.

area have been included since that time. } .
( ) Numbers in parentheses indicate possible intercept attempts.

**No SSATC communications intercepted.
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11-4

All firings to the

o




TOP SECRET

The TV filmh suggests that ' the missile is fired from the
container at a launch angle of about 70°. Lift-off acceleration is'estimated
to be less than 20 g's. Although  some - differences in configuration were.
observed, it is- still estimated that the burnout velocity is in the 10,000~ -
11,000 fps category. However, burnout altitude couldbe lowered substantially, .
depending upon the propulsion system. vy

b. GRIFFON Firing

The GRIFFON was- probably launched from the northern
area -of. Complex A at Shary Shagan. 'The film confirms the previously -
estimatéd launching and role for the GRIFFON. A study of the film indicates -
a variable launch angle as opposed to the estimated near vertical launch.
Information on the trajectory will be published as soon as possible. The
film showed the movement of the GRIFFON from the bay building to the
launcher with the missile positioned onthe underside of the rail. The launcher
pivoted the missile away from the bay and the rail rose tothe firihg position:
Immediately after launch the GRIFFON rolled 45° indicating a control
system similar to that used in the 'SA-2 system. This confirms the use of
sustainer fin aileron roll control. A slightly longer booster burn time was
noted. In the film the long nose probe.is evident with the protective cover
being removed. S

c. Newly Identified Defensive Missile

A missile which was not previously identified  was shown
- in .the final active sequence of the video clip. This missile appeared to be
‘of general SA-2 GUIDELINE configuration; that is, it had cruciform
susta\per fins, rear control fins and booster fins. Although scalings are
not avxilable, a general impression is that the missile fineness ratio is
* smaller an that of the GUIDELINE. Another feature is the lack of any
trailing edge sweep angle on the sustainer fins, which were of a clipped
_delta planform similar to those of the GRIFFON missile. The booster
fins, however, appeared to be of & rectangular planform. The missile was
fired from anSA-2 type launcher and appeared to have a boost acceleration
slightly higher than the GUIDELINE missile. The commentary accompanying
the new missile sequence refers to defense against aircraft, winged missiles,
and ballistic missiles; therefore, the specific role(s) for the new missile
cannot presently be determined. . : ‘

A newly identified three-dish radar was shown in.gthe
firing sequence of the new missile. If, as implied in the film, the new radar’
is a part of the. system, it is probable that this is a new system rather than
a modification of an existing system. The three-dish radar is composed of
two large dishes and a smaller dish. One of the large dishes has a feed like -
the SCR 584 with a conical scanner, but the other feed is not readily identifi-
able. The two large dishes may be used ina[___ ]and the smaller dish
could be used for a command function..This radar was not actively involved
in either of the firing sequences; howevét; the film sequence jand the appear-
ance of the missile and radar in the same frames imply that it is a part of
the system. = . " - an - \
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d. Electronics

1) Spherical Gimbaled Radome: One elecironic

a large spherical, gimbaled radome with two flat surfaces
the lower part of the sphere which turned in one plane

|

item was
protruding from
with the sphere.

From initial analysis of this structure, it is estimated that this radome
is a monopulse tracking radar with compensation included for wind loads

on the sphere. : . ~

Monopulse is estimated because of the
runs that appear at two different locations on the structure.
waveguides is on top of the base leading to the-cradle wh

sphere, and the second is visible léading into the sphere friom the cradles.

The two large flat surfaces attached at
of the sphere dre believed to be employed to compensate fo
on the sphere in the plane perpendicular to the flat surfaces.

A - Since dimensions are not available at
estimate of the frequency or other parameters cannct be mad

Monopulse

four waveguide
One run of four
ich supports the

the lowerrpa'rt
r the wind loads

this time, an

or simultaneous Ilcbing has ddvantages over

other types of tracking such as conical or sequential lobing. In conical or

.sequential lobing tracking, several pulses without ampli
are required to accurately
monopulse tracking radar

angular position of the target.

(2) 'Naval SAM Guidance: Based upon PEEL

analysis, the. GOA missiles associated with the KYNDA

rtude -modulation

deterrmine target position. However, with a
only one pulse is required to determine the

group antenna
class ship are

thought to utilize a command guidance link. If these missiles are identical
to those observed in the Moscow Parade photographs, then ¢ommand rather

than beam rider guidance is also believed to be used with

the LOW BLOW

fire control radar. However, analysis is continuing in an effort to determine

the guidance link used with the LOW BLOW.

B. Antiarmor Missile Systems

¥
displayed
and SWATTER systems.

A third ranti armor .missiic system,inicknamed. SAGGER, was
for the first time by the Sovicts in the 9 May 1965 Moscow parade.
The system concept appeared to be basically the same as that gf the SNAPPER -

. /The basic carrier was a modified 4 x 4 amphibious akrmored reconn-

aissance vehicle (BRDM) which has a road speed of 40 mph and a cruising
range of 200 miles. Four supplementary wheels that are mounted under the
vehicle, two in tandem on each side, can be raised or lewered hydraulically
to assist in traversing trenches and adverse térrain. A hydrgjet water-borne
propulsion system is also provided. Maximum speed for this mode of operation
is about 5-6 knots-per hour. o |

11-6 ' |
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: Each of the vehicles carried a total of six new antitank missiles
l mounted on top- of their launch rails and supported by-a single-post launcher
mechanism (Figure 4). Threez missiles are mounted on each side of the
centerpost in a triangular-shaped launch configuration (one on top and two
l on the bottom). Located directly above the clustered package is a roof-
, type cover which also serves as the cover for the rear compartment of the
vehicle in the travel position. )

25X1D . A preliminary analysis indicates that the new -antitank missile -
25X1Dhas_an overall length of about— 1 and a maximum diameter of about

_ . The missile consists of a spherically tipped conical nose shape

‘ indrical afterbody at the rear of which are mounted cruciform
fins of an unusual shape. The fins appear to be similar in shape to those
on the SWATTER and to be hinged on the outboard portion toward the
vertical plane of the missile. However, aerodynamic control surfaces could
not be determined from the limited photography. :

The guidance mode is unknown, but it may be a radio guided system
similar to that of the SWATTER system since an optical-type sighting device
(similar to one on the SWATTER launch vehicle) was observed on the forward
portion of the cab. , . ‘

‘ Preliminary analysis indicated that the missile weighsv15-20 pounds
.and has a maximum range capability of about 1000 meters.

11-7
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. OFFENSIVE MISSILE SYSTEMS

A. Imtercontinental Ballistic Missile Systems

_Current Activity

‘The Soviets displayed two new ICBM's in the9 May Mascow parade.
An assessment of these vehicles is. presented in annexes to this report.

Two SS-7's and one SS—9 were successfully fired to the Kamchatka

impact area, and six additional operations resulted in either cancellations
- or- failures. There is tenuous evidence that some of the operations may have

involved either SS-8 or SS- 9 missiles, but the rather large number of
cancellations . and failures noted thus,far this year suggests that a new
missile(s) may be under test. An un1dent1f1ed but successful firing on 19
April may have been one ofanew series. There have been no SS-10 launchings

- noted since 20 October 1964, Table 2 isa Chronology of ICBM launch act1v1ty

1. ICBM Failure, 4 May

B

&

An operation.sfrom the Tyuratam Missile Test Range (TTMTR)

on 4. May, :probably ended in an early in- flight failure. A full sequence was .

noted on the range timing signal, indicating that launch occurred at approxi-
mately 0505Z; however, negative ﬁand telemetry intercepts indicate

that the vehicle failed early in flight isevent is designated an ICBM rather
than a space operation because of the lack of participation, by space-associated
activities; the type missile involved is not known .

2. Probable ICBM Cancellation, 8 May

1

Communications activity 1nd1cated that an ‘ICBM firing was
scheduled on the TTMTR for approximately 0530Z, 8 May but was apparently -
cancelled before 0630Z. The continuation of t1rn1ng signal intercepts beyond
the apparent intended launch time suggests there were delays in the countdown, .

- There is insufficient data to determine the type missile involved in the

operation.

3. Probable ICBM Cancellation, 14 May

) |indicated that a p'robable ICBM operation directed to .
the Kamchatka impact area was cancelled in the late stages of the countdown
on 14 May. Launch was probably intended faor about 1030Z. The type vehicle
involved is not known.

P

4. Successful SS-9 Launch 18 May

, An SS-9 ICBM was launched on the TTMTR to the Kamchatka
impact area at approximately 0500Z, 18 May. Its successful flight was con-
firmed by telemetry intercepts, radar sightings, and visual observation of
the re-entry. Extensive instrumentation and FLIM FLAM participation
indicate that this firing was a continuation of the SS5-9 R&D-program.
Con51der1ng that there have now been at least 21 SS-9 firings and a low

I-
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TABLE 2. CHRONOLOGY OF ICBM LA

439/

RETA

1

i

Al

\000500220004-2

-

UNCH ACTIVITY

TATE

T Aag
0T Rap

07 Jul
23 Oct
2L Oct

14 Jun
2 Ped
13 Fed
27 Ped

Q3 Mar |

o Apr
09 Apr
14 Apr
15 Apr
18 Apr
19 Apr
21 Apr
21 Apr
2% Apr
1§ My
24 May
27 Way
79 May
@ Jun
02 Jun
06 Jun
15 Jun
15 Jun
36 Jun
Ob Jul
ob Jul
22 Jut
24 Jul
25 Jul

©ooMIsspE PR TR
. T suCCERa
auccens

succeas
cancelled
nuccess
Ruccens
anccess
cancelled
A lure
UXatlure
o
Auccean
s enncelled
AUCCeap
ailure
auccens
cancelled
auccenn
succens
|uccean
succeas
success
succean
ruCCARS
succens
cancelled
cancelled
succeas
succean
Buccess
succeas
cancelled
succens
cancelled -
suGcesa
failure
cancelled
auccean
success
success
cancelled
success
success
suceess
cancelléd
cancelled.

53
vé

success
fatlure
success
success
fatlure
success
failure
failire
success
cancelled
cancelled
success
failure
failure
auccens
failure
cancelled
succens
failure
success
failure
auccess
cancelled
unresolvesdt
BH_CI‘QSI
MNCCEBR
fuilure
cancelled
succras

s5-8
55.6
'8s-7
' 85.8
55.8
$5.8
85-7 +
53-8
§53-
v 887
s5-8
s5-8
55-8
E5-7
53-7
55-6
58-7
S5-7
55-6
55-6
59-7
S5.8
38-8

‘DATE

28 Jul
29
30 Jul
37 Jul
0 M
0 Ay
Of Aug
09 Aug
12 Avg
1} Aug
o Cep
0 Sep
Sep
Sap
Gep
Amp
Sep
Sep
Sep
Sep
Sep
Sep
Jap
Sep
Sep
Sep
Sep
PR Sep
08 Oct
04 Cet
09 et
0g Cet
11 Cct
12 Get

14 0ct

15, Oct
22 Qet

28 Oct -

27 Nov
28 ¥Yov
29 Nov
29 Nov

01 Dec ;

N

03 Jan
oh Jan

12 Jan .

16 Jan
17 Jan
25 Jan
03 r
o0 Mar

2 Mar

18 Apr
20 Apr
23 Apr
Ol Jun
a7 Jun
07 Jun

08 Aug

2N A9
1

MISSTIE

ERER)
DL
y

2
il
[

[
D4~ DD DD

N A

R RARAR A R
Vit N

>>D U nan

DO h L]
!

Voe oot
o -t D

'
R

RS R R R R RG]

d
—~

L

[}
A abpwai

_eancelled

.'fni!ure

DATE  MINGTLE

7 Sep
05 et ¢
N5 Oct
.11 oct
11 et
11 Qe
£ Cet
Cet
Yov
Nre
Noy
Rev
%
Pee
3 D
Tee

35-7
55.7
83.7
eancelled s5-7
aurcens

unraanlived

wecess
cancell

~anal1ed
cancellad
aucress
cancellad
fafllure
miceesn
ancoeas
cancelled
frilure
cancelled |
succeas
cansellod
faflures
aurcesa
auccenn
fatlure
cunrrlled
Auncess
allure
succesn
cancelled
BUCTANs
aucresn
auccess
cancelled
cancelled
aurcenn
RUCTean
tallure

Fed
Febd
Pen
Mar

cancelled
suscess
supesan
succens
aucceas
success
anccenss

success
surcess
failure
aycoarn
Aucredn
cancrlled
sucnnas
cancelled
cancelled
succens
~Aanc~1led
AL SN
cancellad
auceens
auccean
Taflure
faflure
auscesm
{allur:
auccepn
cancellet
aucerne
aucensa
eancrllad
frilure
pucTess
cancellesd
cancelled
succnns

RERULTS

siccen
Bun~en
succnns
sucenr
cancellrd
succens
succesa
nuccess
aucensn
suscrss
canralled
succens
LULELLYY
Avecens
sucrens
syccesn

aLcoens
canzelled
auccesn
suaceas
failure
guccrss
suaness

. succeas

suecess
suzersa
succeas
{cmncellnd)
suceeas
succens
ayccesn
. nutcean
cancellied
fallure
fucceas
succs a9
(enncelied)
mucceas
suce *11
failire
LPGLIEEL)
suce *n9
Bucc *sa
succeRn
cancelled
[BELLYES
riccens
cancalled ©
aucesna
augo-rna
canc*lled
" muzcenn
aucorsn
cancellml
AUCCORA
muterny
tailure~
aurcens
BLCTRSS
surcess
unrescived
canceliel
mucceny
aurcens
cancrl led
fallare
Aucrrss
cancelled
succeas
succean
syceeAan

CANSA L

RucCcons
Aurcens
nmuccens
auccena’
auccens
fatlure

DATE *

Jan
Jan
Jan
Fob
Fah
rrn
2 Fad
+ Fab
Feb
3 Apr
Apr

Apre

A

5

i e DED

L e e e Y

MISSILE

55.8
83-8
65.A
83-8
58-7
53.7
5.9
857
tnk
55-7
85-12
(85-7)
tnk
Unk
Unk

. 5510
85-8
5840
$5-9
58410
85-7
55A
53410
Unk
55-9
tnk
346 .
O3t

53-8)

REIULTS

success
cancellsd
murcean’
suzcess
success
sucrees
auccass
fallure
(cnncellnd)
ruccess
fallure
succesa
fnilure
caréelled
cancelled
suscess
R|UCCARS
succeas
succeds
success
suicesa
success
, Buccess
-cancelled
suceess
cancelled
T CoAN
Aneeaa
succesa
[uccess
miccess
fnllure
succensss
IN - it L]
sLCoean
guocesd
aceran
aucceas
SUCCLAN
success
suecess
sucte s
llure
success
fallure
auccess
surcess
success

failure
sucorss
failure
cancelled
{tmilure)
eurvesa
auccess .
succean
auccess
BUCTTAS
cancelled
{(mtlure)
AYSCORS
canceiled

AUCTEAN
RIS NIl |
Tallure
cancellet

SLaunched from a point other than Tyurstam,

.
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' fall]ilure rate; some version of the system must be almost operational at' * .
this time.”- . LT e

[

6. ICBM Failure, 19,May - . T
' { . An ICBM firing directed to the Kamchatka impact area probalily '
resul;edg‘g an early in-flight failure on 19 May. A fuli launch sequence that

was noted:on the range timing signal indicated X -ray at approximately 06207,
but the lack of '?nd telemetry indicates an early failure which may
have "been partially gue tq kigh winds in the launch area. The type ‘missile
fired is not known. - -~ | S "

- -

te

6. ICBM Failure, 20Mdy - ., . -

o

v An ICBM cperaticn on theé TTMTR on 20 May probably ended
in .an early in-flight failure. indicated that faunch occurred shortly
before 0345Z, but the lack of radar sightings and telemetry that' can definitely .
be associated with the firing- indicates an early failuré. A 165 me carrier
signal, which has recently .Leen restricted to the SS-9 and the unidentified

‘vehicle fired on 19 April, ‘was intercepted from 0345:10Z to 0347:56Z and
has been tenratively associated with the cperation. The flight bans reported
for this operation were consistent with those reported for SS-6, SS-&, and
SS-1C launchingz, but FLIM FLAM participation indicates that the vehicle -
was most likely an SS-10, Therefo-e. it appears that the missile involved in

this cperation ‘was either an $5-10 or onz of the new type launched on 19
{April. 4 o

7. Svccessful $5-7 Laurch, 22 May

: An §5-7 ICBM wss succassfully launched on the TTMTR to
the Kamchatka impact area 3¢ appreximately 06297, 22 May. FLIM FLAM
and[[  Jdata reveal that the vehicle flew she high trajectory for the
SS-7 (apogee 497 nmij. No re-cniry vehicle telemeiry was intercepted,
indicating that the firing was for {rcop training purposes.

N

8. Successfl SS-7 Launch, 28 May

- .An SS-7 ICBM was successfully launched :o the Kamchatka
© impact area at approximately 0222Z ‘on 28 May; th= vehicle fiew the low
‘trajectory for the §S-7 (apogee 401 nm). The absence of re-entry vehicle
telemetry indicates that thig firing, like the previous oue, was for troop
. training purposes. o :

9. ICBM Failure, 28 May

‘A secend operation on the TTMTR on 28 May probably ended in
an early in-flight faiiure. A lzunch sequence sn the range timing signal
indicated launch at approximately 035157, the failure beirg indicated by negative
' d.telemetry, An unidentified signal on 165 mc was intercepred by

m:d-£ast facility from 0359:137 0 0409:257 and, if reiated to this operation,
would have been on-pad telemetry, The flight ban in effect for the operation
suggests either an SS-7 ‘or S§-9 firing; the-165 mc signal, if related, could -
Indicate either an $5-9 or a new missile, v ' -
. : R : - 11-3
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B. xIRBM/MRBM SyStemq .

m . . ' "l
P 2‘:00 nm B -hst c M;bsr System /SS q)

<
.

; : Tne*e were no SS 5 !msslle, firings noted on- the Kdpustin

" .-—Ya" Missile - Test Range (KYMTR) during the ‘month of May. There have -
benn four . SS ‘ laun ches this- yaar (hree in January and one in March). -

t

. - .- 8§-% ﬁr-ms for 190~» .appear to be fo‘lowmg rhe sam&: pattern

‘noted for 1964, In’ 1964 therg were §S-5 firings during the first quarter but

no firings in April or M"" iz? 965 there were firings.during the first -

quarter. and, as in 1664, no fir ings in April or May. Although the: sxgmﬁcance

of this Da*txcvla* pattern i not known, it may represent some miror

. modification testing con..ernod with improving the overall performance of-.

., the svstem; howeve*‘ the ‘main (anabxo 1s p*‘obably cn t*ammc/prodl.ctxon

*  line tests. S , )

£ - LI ] : -

2. 102G Bullist .. Missiie-; Svstem (§S~4)

On 12 May §S-1 was Jdaunchad at approxir :"L:‘y 1230Z on
thc KYMTR arnd, :' ding to impacted in the 1050 nm area. The
vehicle wos  inst ored wim 3 % mc/24- channei telemetry system.
Althcugh a range «; ~r~m Sigral was ot intercepied, communications groups
at rangehead (}\O" :"1 Aval'zk (K12y were active: however, there is wo
evidence to mndrcate thar thes acti vity wig associated with the iaunch. None
o‘ the other downrange commuaicstions Zroups were noted active,

L

accg
v|x

: The lzst ncied 55-4 fcunches occurred
were probabiy iived:from Maket o tn_ 1050 nm . A
April were erLJ v condizeted ot the A\AM pc2 (1"1‘., and ‘t i
that the missiles were laonihed by Sb 4 Crews b‘ough. o the v
deploved sites., ‘ o
. | . :

Sixteen S5 launches weree identified caving the first five
-montis. of 1964, b -;n./ iive launches have been rered rhig 5 year - two in
‘March, twe in April, and one in May - which i3 lesz vhan a third of those .
noted in 1964, This reduciion o tl:-.'igf‘ 1S not considarad unizsua If r the
followmg rcasons « '

‘

The firsc S$-4 uritz were deployed in late
or esrly 1989;  consequ c-ntl;, this system hag
" operational for at lesctco or 7 years. Re wever,
S will perscme crews brought from deploved
to K"pu‘tl:\ Yar for sgrvlce pw ctice tpSLu.

-~

e

The. uv_‘ = nave prebably corrected _any deficiencies
noted in this weapons system sluring vhe 6-7 vear

operaticns l period.. : . '

..‘plt

Series produ iction of h~ 5S4 Jt‘ban in 1958 cad pro-
.Jablv rerminated in late 1962, and the productt fon
h.,c er:dﬂlp were probably test cd in 1963 f..wi I m'

. ‘ -4
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S
I"v-

I There was a reduc*lcm t’us year in the numbev of

SS-4 missiies. fzrsd in cecrjunction’ with the AMM pro- :
gram.

! . ) . oy L o4 . .
! ol +Based upon this, it is Pxpec-_:j-‘. : -:hzt;:umber of 55-4 ﬁrm g8 wonlr‘ decrease. -
el '

3. 550 nm Bal!z:‘.‘.;, Miz /'sth (Ss-u)

\ Twa :\;J.‘olﬁ S5-& missiles were launc } 2 tothe
,Areg, ooz 2ach on 2'5 and 26 May. This was the second pair ?-""

Y e .m“"
- —noted tb 'S year, the first palr vee urring in April. Q =d that both
rruwﬂns c;u\.cc:ss.;fuhv impeactad ip fhe 630 nm Za, e lzunches r*obaruy
being conducied for Trew trairin T operaticn amuricaiion
sLrivity was noted; however, ac vitv Uy commumc tion 5 '3 in The K”l
iC and K12 areas wan noated, b t wab apparn“u} not cd te theze’

Receny irforination indicates thar 2 prababtic §§-3 fannch

gccurred on 26 April ir 9diition to the two re 2por: ed or 22 and 24 April)
AC"’)Z‘dl"lP' I 'a preiiminary report, the e was Cetected in
ksams 6 through 10 from T TS o 1420:517 w%mh o compatihle wirh

L2 HPae

reports for missiies ﬁrr‘d £o 650 pm, There was alzo ap

-

- TEPOTT of a missile svnch from Kapustin Yar at 12137 and oravo=er—v

L@

the 650 nm impacr arae v&h oy furiber substantiates 2 tinird p:cc'cati»'SSft'J"‘

l:‘ ~
ia uiich in April.

C. Short Range Ballisti 1o Misajle Systems

Co“.mur‘x-afm“ grc::p* detweep  ran ngekh head  and .
of the KYMTR were active on 15 OoTeasions during May. bus 3“‘\' v pericds
of. activity resultéd in identified {avnches., Twe DIDDd"lt Nehes, e ar
0723:02Z cu 7 May and another at 1047 2027 on 8 May, were
fHrings for c*‘ew training. : :

v roucine

.

3 ' ‘9122 v 7y at 08002 on 9 May and 0‘53.‘72

on 18 May are consides ed, - of c*nu'" puumsue‘ MS. 2-65,
kYo m‘: confirmed firinge. [

g8, In e50 : WLL iMEY ur..amcd
with a 76 rnc,/48 “hannel t2] Yo

The remairing 'L" ape “"“':)" orerminated With nadens
llowmg dates:

Daze ‘Period <t Art.f.v;t\:
06 May
1} May

12 May
© L4 May

-

T o

‘l' J‘,.._'.’ an‘
vals-1111Z

NNNNN
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: _ There is no firm 'evidence to suggest firings on any of these,
dates; however, it is- felt that a large portion of this activity does represent .
~_. actual §S-1 launches for crew training. ‘ . cant

.  Cumulative operétions involving the 150 nm area since 25
January 1965 are as follows: 4 _ confirmed firings, 8 probable firings, 1
possible firing;, and 23 undetermined operations.

LI ‘ A -
- e 4
. B :

BTy

n

D. KY-2 Missile System . : IR e

e L
FU—.

' ~ A KY-2 missile was fired to about 458 nm downrange at approxi-
mately 1730Z -on 26 May;- its altitude at apogee was' 125 nm (Table 3).
.Communications stations located at rangehead (KOl) and Makat (K1lI)
conducted this operation. Communication stations at Aral'sk (K12) and the .
Moscow-Emba ' link wer€ also active, but there is no evidence to indicate ‘
that they participated in the launch. The vehicle was tracked by U. S. radar
from 1733:38Z to 1736:15Z; a 76 mc/48-channel - telemetry system was
intercepted from 1732:22Z to 1738:34Z. . _ : o

A This - operation ‘appeared to have been a teduced research and
development test (R-R&D) since the communication participants were. - o
located only at rangehead and in the general impact area, and only one
telemetry system was intercepted. The only aspect-of this,operation which -
would not suggest an R-R&D test was the fact that the telemetry apparently

functioned throughout the flight instead of being switched off following -
separation. This" was the ‘first KY-2 firing in which stations located in the

I50 nm, impact area (KOS, K10) did not -participate and the first since 29

October }964 to a range greater than 300 nm. : , '

l

-

There have now been 21 launches of the KY-2 missiles; 16 successes

-and S failures. It ‘appears that the launch on 26 May was the*second R-R&D
- operation; the first possible test of this type occurred on 24 April 1965
(20th test). Although the 20th -and 21st launches appear to have been R-R&D
tests, they cannot be definitely identified as such at this time. -~ - -

@
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‘ from Ch12ha at 13147 and 13212.

TOP SECRET

V. NAVAL MISSILE SYSTEMS

A. Current Act1v1ty

©—. " Soviet naval missile activity was limited to three probable and two .
possible ballistic missile launchings 'in the Northern Fleet area. All of -
these launchings were probably for routine crew training. In each operation

~ the missile” was.' launched from the: Ostrov Kildin area along the Murman

Coast line-of-fire to the Chizha impact "area, a distance of 275 nm. The -

.. three probable launchings are believed to have involved 'SS-N-4 mlssﬂes
-~ from G class submarines; the two possiblé launches probably also mvolved
: 'SS N-4 m1ssxles but’ thls ‘carinot be estabhshed N v

AB’. Northern Fleat Missile ACEIVity . . |‘

- On 19 May, at approx1matel¥ 13002, a probable SS N-4 m1ss11e was
launched in the area of 70°N, 35°E (near -Ostrov Kildin) toward Chizha,
utilizing a platform that is believed to have been G class submarine Tendant: '

number 170. Post-fire reports were rece1ved from ChrZha at 13362
and 14352. ’

: G class submarme pendant number 162 is. beheved to have bken the .
launch platform for the next probable SS-N-4 launch which occurred at 1000Z -

-_ on 24 ‘May. One poss1ble post-fire repo\t was received from Chlzha at 1020Z--.

' A poss1b1e SS-N-4 missile ‘was latinched at. 1300Z.on 25 ay, but
the launch-platform could not be ident1f1,ed post flre reports were récelved-r

l
G class submarme pendant nurnber 170 is believed to have been the

' launch platform for a: probable SS-N-4-laynch that occurred at 1336Z on 26
" May. Post- fu-e reports were received - from Chizha at 1344Z and'1354Z. T

A pOSS1ble SS-N-4 was launched from an! unidentified" platiorrn at- -
_1330Z on 31 May A message from Chlzha at 14132 ‘may have been ja post-. ;
f1re report . :

- _
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CANNEX A. IRON' MAIDEN MISSILE SYSTEM DISPLAYED IN :Moscow
‘ PARADE (9 MAY 1965) : | :

1. Possible ‘Technical Characterlstlcs of IRON MAIDEN
| _ (SCAMP)

- This study on the poss1ble techmcal charactensucs of the
ON MAIDEN is based- on thie largest configuration that will fit in the
4 ntainer and should therefore provide the maximum performance of this
m1ss1le The” configuration in this study includes missile diameters taken
from SARK' tankage and is the first of ageries of conflguratlons to be in-~
' vestigated before a final estimate of this missile canbe made.- An attempt
. to determine if a"smaller missile is a more likely design will be considered
. in a‘tlater study, based on the diameters of the SERB tankage [and the'second - -
and third. stage tankage of the three stage solid (SAVAGE) (Flgures S ‘and 6) ‘
e, CONCLUSIONS

oy
: -

s

‘a.’ The IRON MAIDEN is a two- stage solid opellant m1551le -
W1th a second stage that is smaller in diameter than the fngt\stage. =

!

e

St P . - b The IRON MAIDEN probably ‘has an MRBM capab111ty
é) Wlth a range of 2150 nm, as clalmed by the CINC of the
Sov1et Rocket Forces, the IRON MAIDEN would require a ‘propulsion sysiem -
-equal .to the best U.S. systems and a small - lOOO 1bs or-less - payload.
‘ :
o d. If the IRON MAIDEN is the KY-2- (550 nin system), the
Sov1et solid - propellant technology is ‘either .noticeably - m‘ferlor 1to US
technology, or-a very. large payload 1s employed. -

The most probable dlameters for the IRON MAIDEN appeaf
to be those derived for the SARK (5.41/4.59 ft), the SERB (4.92/4.1 ft) -
and the. THREE STAGE.SOLID (4.85/3.30 ft). The scalings for the SARK,
which were obtained from photographs of that missile during previous
Moscow parades, were used as the basis of ‘this study. Sinée these values
‘are important ‘factors in evaluating a missile, the latest available scalings'
were - selected. Should these scalings be changed by alater ana1y81s a
re-examination of this conﬁguratxon may be necessary

. The external conflguratlon of the IRON MAIDEN container A
1nd1cates that the missile is a stepped-stage design, the missile interstage
‘conical section proba‘bly bemg Very near’ the change in cross sectior®of -
- the contamer .
’ . It has been argued that a m1ss11e usmg the SARK tankage -
d1ameters would be very crowded in the pod and that the SERB diameters
would allow more room. The SERB diameters (4.92/4.10 |ft) are not in- ~
.. consistent with the observed portion of the SCAMP ‘which is/5.58 ft in. dia-
Y@ ‘meter since the rear section of the SCAMP is flared ‘(Figure 7)
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. . There are two strong . indicators that the IRON MAIDEN is
a solid propellant missile: thé container which is probably for environmental

-control, and the nozzle design. The container may indicaté that the IRON

MAIDEN motor has a high'propellant packing fraction (PPF, ratio of propellant
volume to container volume). The PPF does not have a large effect on range,

‘but it does have an effect on the temperature himits a motor can tolerate, .

motors with a PPF. above .80 being more sensitive to temperature'changes
and more likely to crack (Figure & ). Since increasing the PPF from. .80
to .85 would increase the range only slightly, it seems unlikely that a high
PPF would be the only reason for the container. : .

The vacuum specific impulse” (Ispy) and the mass fraction

(MF, ratio of propellant weight to total motor weight) are.important consid-

>

erations in determining missile. range (Figure 9). If the technology of the
THREE STAGE SOLID '(which, from the study in ANNEX C, has an Ispy)

- of ‘at least 260 seconds (Figurej). applies to the FRON MAIDEN. then this

missile would definitely be an MRBM

However, should the IRON MAIDEN use the technd of
the SERB, its range would be much less: the SERB is presently estimated

- to have an Isp, of 260 seconds and a range of 1100 nm, but the lack of proof

that it has ever been fired to this range creates some doubt as to the
validity. of this assumption. If the IRON MAIDEN uses the technology of
the SERB, whose range may be only 650 nm, its range would bé that of an
SRBM with a. payload capability greater than that of the SERB. On the other .
hand, - if Soviet technology has advanced further that in the U. S., then the

IRON ‘MAIDEN could be an IRBM .as claimed with a reasonable RV weight.

. e~ It "mustwbe remembered that- this study  is based on the
maximum size missiie that will fit into the container and may be negated
In part . by .studies of possible smaller missile configurations. The full

- range possibilities are shown in Table 5.

y ° - 2. Ttansporter-Erector-Launcher (TEL)

a. General Description-

) — ) The basic chassis used for this- vehicle appears to be
quite similar to the one used for the Soviet 310 mm self-propelled gun and
the 420 mm seif-propelled mortar - The TEL 1s equipped with eight road or -

’track wheels on torsion bar suspension and has the same drive sprocket-at

the rear as the gun carriage; however, the TEL has five track return rollers -

'. where only four were used on the gun carriages. The drive sprocket and the

idler sprocket both appear to have been raised on the TEL to pfovide a
better ahgle of departure and approach.: o - o ‘ .
_ ) : The TEL, although large and heavy, presents re‘Iatively
clean lines with all externally stowed gear either recessed: or under’ contoured
covers. The entire Vehicle appears to provide good progection to both missile
and crew from overhanging tree limbs or brush, flying debrrs, weather, and

A D
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TABLE 5.. SCAMP MISSILE CONFIGURATION o o
2 : S [ SRBM MMM”,._'IMML:—

<

7 . &elation to U. S. technology I'nf‘e_ri'or : Similar .' _|Superior : .
. _ : A ’ N
: Range (nm)_ . .+ 530 975 » 2150

Liftoff Weight (1bs) - ~ _ 60,480 ' 60,080 .- 59,660

© 9220

5

- 0N B 0B =N .
. LN - o
N o . W

RV Weight (lbs) ‘ o 3320 2770
I,  (sec) o 260 260 . 280
Py, - o S ‘ T 3

I, (sec) T w0 260 300
pvz R - oL k4 . -

\ : v
75 .80 - | .85

B

-

.75 .80 : ] .85
.80 .85 . .90

75 .80 - | .85

P

.

i

d r-u
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to some limited extent from small arms fire 01! shell fragments; however,
- the missile container appears to be primarily designed for controlled
-environmental protection. Although the aft end of ‘the container was open
when . displayed in the parade, there appears to be provision for including -
a protective cover. Inclusion of an aft cover and the presence of the.two .
louvered panels in the container cover, that are possible breathers, strongly.
indicate that this is a pressurized container. - R S

b Operational Feat'u'ré’s

I - . - . . - N .. .
The ‘sequence of the erection operation is as. follows:

- S . (1) - The ground pads for the vehi‘clé stabilizer jacks,
which are “stowed during travel on-each side of the launching table, are -
placed on the ground beneath the two jacks on theaft end of the vehicle.

: (2) The stabilizer jacks arée apparently screw-type
jacks that are actuated by hydraulic motors. When they are lowered to mate
with the ground pads, they remove the spring action from the torsion bar -
suspension to stabilize the chassis during missile erection and firing.

S L (3) The launching table with integral blast deflector
is lowered by the hydraulic cylinder, which is located in the center of the
aft end of the chassis, until the ends of the bottom side members mate with
the pads on the aft end of the vehicle and the table is leveled in this position
cantilevered from the vehicle. ‘ '

(4) The lock holding the miséilev container at the forward
end of the vehicle is released, apparently by use of the handwheel. : ’

_ . (5) The container with the missile is raised to the
vertical position .with the two hydraulic cylindérslotatedon either .sideiofthe :
container, and the pads on the base of the missile aré mated with those on
the launching table. ’ . R o

: ;(6%l The hydraulically operated locks: on the right side
and forward end of the container: are released, and the hydraulic cylinder
on the left side opens the. container. ' : . : :

) ' (7) The. container is lowered and closed, leaving the
missile free, standing on the launching table. - e :
oS " ¢. Conclusions . . )
’ The missile container on the TEL is designed primarily
to provide controlled environmental protection for the missile. - .
_ a The basic chassis is a proven design, being an édapted
modification of previous vehicles. . o s

: This TEL can erect and launch -the missile without
assistance from other, items of ground support equipment. .
@ A-10 "
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' ANNEX B. THE THREE-STAGE LIQUID PROPELLANT ICBM DISPLAYED
~ IN MOSCOW PARADE (9 MAY 1965) - e T

'
i

L I P Introduction

1

] - 1 - - .

T Y “ The Soviets displayed a new missile with an intercontinental

and/orﬁ?eanﬁl orbit capability in the 9 May 1965 parade. As a result of pre-
liminary - analysis the missile could be “either the SS-8, SS-10, or a new
space vehicle. The SS-7 and SS-9 were eliminated because of the four nozzles
on the first stage of-the parade missile, since both of these vehicles are
believed to have three engines. Computer performance runs will be made
- when -detailed scalings.are available. This missile has been nicknamed SCRAG.

-

2. Summary of Conclusions

o a. The first stage nozzles and the external configurations
of the first and second stages indicate that the first two stages use liquid
. propellarts. ~ : : : : . v

¢ S -b.  The third stage, if used for powered flight, would employ
either -a solid propellant or a liquid which would utilize a toroidal tankage
configuration. Co ‘ " . :

.o c. The construction features of this vehicle are of older-
type dg_esign. e '

) d. There has been no evidence of this missile being flown
as a three-stage ICBM. r S o

. o e. If .this vehicle is one we have observed from ICBM
telemetry, then it is probably the SS-10. - o '

, f. The transporter shown could not carry the loaded-
vehicle. L e : '

__ g. The transporter, although 'it ‘does not conform to the
design of previous large-missile transporters, cannot be relegated to the
category of being fabricated only for the parade. - ’

|

3. Discussion
. This is a three-stage liquid propellant_ system with two
- conduits connecting all three stages. The three stages are interconnected
via a truss work of connecting tubes with the interstage areas exposed.’
The tubes are connected to the stages through fittings attached directly to
the skin. The truss-type connection would not be:the most efficient method
of transmitting the lateral loads of the vehicle. However, in this type vehicle,
the lateral load would probably be overshadowed by.the longitudinal load.
The construction features of this vehicle are more consistent with.those
of the earlier missiles, notably SS-2, SS-3, and SS-4.. : ' S

. B-1
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" The missile appears crude W1th a large number of external *
hinges and fittings. throughout the vehicle. The first and second stages
separate at-a plane which is approximately at the mid-point of the second
stage, ' leaving the engine compartment and thrust structure, exposed. A
more detailed analysis must be made before any f1rm 1dem1t1es can beA
made concerning the missile. (Figures 11 and 12) o

a. First Stage
' : The first stage appears to’ utilize single= weld closures
for ‘the tank bulkheads of integral tankage or possibly internal tankage.
Since there is no readily apparent reason why they would resort to internal
tanks, single-weld closures are probably used. It is felt that the“Soviets
~have used double-weld closures on all of the missiles that have beén pre-
viously displayed. Therefore it would beza change in manufacturing.and
~ structural techmiques to utilize -single-wéld closures. The appearance of
. shallow domes would substantiate the fact that they are nct using a "'y"
ring-type of closure as this would oniy be sfructurally sour-a with approxi-
mately 2 bulkheads _ e = .
Uuhzmg dimensions taken flom 3x18t1'1g phf‘togr phs,
the volumetric ratio would be on the orger of 1.7:1..1f; indeed, the volumetric
ratio is this high, this precludes the more commonly used acid-amine
propellants. Some of the excepiions would be RFNA/HVDVNE and RFNA/
ANILINE. There arée several cryogenic combinhtions that wouid fit this ratio,’
the most probable combination being LOX/RP-L.lThe stage has access doors
in. what appears -to be an intertank section..The conduits extead into an
. apparent engine compartment. This- section has hinged dccrs or panels
that permit easy access to the engines. There are four symmetrically
spaced nozzles, complete with noczzle covers, each with a diameter of 36
inches. There are lines, which might’ mdlcate a rnet:nod of secondary injection,
Wthh are attached to the nozzles. :

i

b. Second Stage

N

N : B . . .
3 . Iy . ] ,

The second stage is smnlar to the fwr t in censtruction

and apparently uses single-weld closures of the integral tank bulkheads.
. Utilizing rough dimensions taken from existing photogr aphs the volumetric
ratio would beonthe order of 1.7:1. This would also -accommodate a LOX/RP-1

. system. ‘The forward end of the stage has a-domed cover latched to the
structure. This -cover could pr ov1de insulation to. prevent :ice pbuiidup if
the forward tank was a LLOX tank or the cover cculd posgibly provide heat
protection. If the RV inot the third: stage in the parade) was artached to the
~second stage, as would probably be the case if this was an SS-10, then the
~ cover ‘over the dome would not be needed. The stage has access doors at
two .locations, one could be access to tha mtertank gsection, and the other -
could provide access to the éengine compartment. The aft end of the stage
is completely covered , . -

B-4
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c. Third Stage

~ . The third stage is not the type of body that would be
expected as an RV. If this was a three-stage ICBM,. the_small sphere-cone
segment' of the third stage is the RV with the payload.being 3000-3500
pounds. It is possible this stage could have a: single-chamber rocket engine
surrounded by toroidal tanks. The third stage appears to have a rather large
number -of protuberances which are not identified at this time. Panels or doors
are available for casy access to the intercompartments. The aft end has a
cover which could conceal an enginc compartment. ’ : -

s

o .

d. ICBM Transporter

‘ g . This transporter does not conform to the design of
previous large-missile transporters, but it-cannot be relegated to the cat-

-egory of being fabricated only for the parade because there are too many

features that indicate.a designed capability. to perform functions other than
hauling. The transporter may serve as a’fixture for mating or horizontal
test and checkout and with no evidence todisprove it, even be used in erection.

: . . : S4a .

' The main frame of this transporter consists of two-
longitudinal side beams fabricated primarily from box sections with tubing
used for secondary bracing. The beams slope upward from a point approx-
imately one-third of their length back from the forward ends ahd there is
an offset over the rear whecls. The transverse freme members also appear

to be built-up’ box sections with tubing used- for diagonal bracing. Tubing -

is also used for the fabrication of a removable pin-attached guard at the
aft end of the ‘transporter. . ‘ :

, o The transporter running gear’ consists of a ‘forward,
wagon-steered ‘single-axle: and an "aft single-axle that, in some of the:
photographs, appears to have a limited degree of steering. Both axles have
dual wheels fitted with what appears to be 14.00 x 20 tires which provide
‘a gross wei%ht capability, according to tire' tables, of 72,000 pounds at S0
mph or 76,600 pounds at 30 mph. . L= .

' : The vehicle tow bar is an elongated V-type fabricated
from channel sections and is heavily reinforced with cross bracing. |

‘ The missile is supported on thé transporter on two -
saddles, one just aft of the forward axle and the other just forward of the .
aft axle. Tie downs consist of a- band just forward-of the aft saddle and
inverted V-ties connected to pins in-the missile body directly above the
forward saddle. : T o oo

The transporter is obviocusly capable of supporting and
transporting the missile on_a firm level surface in an unfueled condition.

: : A missile of this ‘size using g;iquid propellants would
not be expécted to. be moved in a fueled condition ngr would it be moved for
any appreciable distance even .in an -empty condition over rough tefrain.

B-5 . E
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~missile. (Figures13andl14).
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.ANNEX C. THE THREE—STAGE SOLID PROPELLANT ‘ICBM DISPLAYED.
IN THE MOSCOW PARADE (9 MAY 1965) L -

- 1. Introduction . : Y

-~ In the Moscow Parade (9 May 1965) the Soviets displayed
a new solid propellant ICBM. The 65-foot missile, designated SAVAGE, is
similar ‘in configuration but larger and heavier than the MINUTEMAN .

: a. The SAVAGE is aisolid-propellant ICBM: capable of
delivering an 800-pound re-entry vehicle to a range of 5700 nm. : ,

b. The propellant. is prdbably a double-base or a modified
double-base with a vacuum specific impulse of approximately 260.seconds.

: c. -Due to the problems -involved in throttl_ihg a solid
propellant motor, a new or modified guidance technique must be.employed.

d. The CEP is probably no less than.l nm if the guidance’
system is inertial and 0.5 to 1 nm if the system is radio guided.. .

S ¢. The transporter is a well-designed vehiclé capable of
on-or -off-road use. Like the SCRAG (l15-foot liquid propelled missile)
missile transporter,. it lacks some of the design features of previous trans-
porters which are also used as erection beams for their associated missiles,"
however, its use as an erector cannot be ruled out. T :

i
4
1

2, . Discussion

1

: Since no firing program can be connected with the SAVAGE
missile and since the missile uses solid propellants, the usual sizing factors

from telemetry (volumetric ratio , f/w, a/aj etc.) could not be used to size - °

the SAVAGE. To do this a parametric study was performed to properly
evaluate the missile and its capability. cL : o -

: | This study is presented in a éefiés of parar'n'et_ric curves
(Figures 15 ., 16 , and17) showing the effect of the independent variables
versus range and payload (defined as the.weight of the re-entry -vehicle and

guidance section). The variables considered are as follows:

: - a. Propellant packing f'racti(?n (PPF), the ratioof propéllant
volume to case volume. : ' - v '

b. Mass fraction (MF), the ratio of propellant :weight to

motor weight. |
c.” Vacuum specific impulse (Isp)- —_—
‘ \ i ’ N ) . ! N R
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d. Re-entry vehicle packing density -(PDrv),
e. . Guidance and control packing He_nsity (PD'g&‘é). E

The variations considered are-all within U.S. state-of-the-art
figures and are also considered to be, within- U.S.S.R. state-of-the-art
figures. A propellant density of 107 lb/ft3 was assumed to be the propellant
density of the SAVAGE motor sections.  Since the propellant density of a

_ double-base or modified double-base propellant is slightly less than that -

of .a cogxposite and the Ig, is slightly greater, it was felt‘that the use of .
as the propell.:—mt.p density would effect the study only a negligible
amount. The volume of the motor cases, the guidance package, and the

- re-entry vehicle were determined from scalings of the parade photography.

The ranges shown were determined by using a computer synthesized trajee-
tory optimized for maximum range. - ) ) . ’ .

o As a result of the study it can be seen that of the three variables
graphad versus range and payload, the PPF would make little difference
while the MF and Igp ~ are more critical. Thus, the task of picking the most
probable configuration depends on the MF and the Igp . An assumed value
of 260 seconds(vacuum) was the choice for the Isp , Lfn the light of current

- state-of-the art figures (Table 6 ). The easiest and most profitable way to -

increase range is to increase the mass fraction. In the United States, the
mass fraction has been increased by using a filament-wound fiberglass case,
e.g., MINUTEMAN third stage and POLARIS A-3 second stage. Although prob-
lems in making fiberglass cases are  difficult, it is less difficult than
attempting to increase the vacuum specific impulse by any appreciable amount.

- 3. Three-Stage Solid Missile Transporter

This entire vehicle:is of considerably heavier construction
than any previously shown Soviet missile transporter because of the greatly -

increased load of a solid propellant missile. Thetwo main longitudinal beams -
~are set inside of the wheels and incorporate inclosed box construction ends

fore and aft, fabricated from flat plate and joined by both welding a riveting.

The forward ends of the beams are off-set to form a gooseneck over the
forward axle.- The mid portion of the beams is open for weight reduction.

. The running gear is composed of a single . forward axle
incorporating wagon steering and two tandem rear axles. - All three axles
are fitted with single wheels fitted with tires that could give the vehicle:a -
gross weight capability of up to 129,000 pounds at a speed of 30 mph:-

: The tow bar is lattice construction fabricated from round
tubular stock. A cylinder is mounied on cach side-of the transporter end of
the tow bar in a position that gives it the appearance of a4 device for actuating
the transporter brakes in the event of accidental breakaway from the towing
vehicle. This is the first time that a safety device of this type has been noted.

c-7
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TABLE 6. ESTIMATED CHARACTERISTICS'FOR THE SAVAGE THREE'STAGE SOLID

. _ lst Stage .. 2nd Stage '3fd'Stage-
Ignition Weight (1b) _ 100,900 . 32,900 o 9300
Burnout Weight (1b) 39,700 12,860 L 2804
Vacuum Thrust (1b) 265,200_ - 86,800, 29,100
Flow Rate (1b/sec) » 1020 - 33 112
Burn Timé:(sec) . © 60 '60\A ' ZE: 58
Mass Ratio - : - -54 2.55 o - 3.25
: kV Weight (1lbs) ‘ |
G&C Weight (1bs)
Range (nm)
Apogee (nm)

Total Fligh: Time (sec)

C-$
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- on each side for access from the ground.

TOP SECRET

The missile is. supported on the transporter.onthree saddles,
one at the circumferential joint of the engine skirt, one at the forward end
of the first stage and .one at the forward end of the second stage. Tie downs
are provided at the forward and aft saddles. The forward tie is vertical on
each side to pin in the missile body. The aft tie is an inverted V-type on
each side, also to a pin in the missile body. ’

: The transporter incorporates a walkway corripletely.around’
the missile, fabricated from nonskid pierced-plates, with folding ladders

C-9
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ANNEX D. SOVIET MISSILE CHARACTERISTICS AND LAUNCH .
ACTIVITY TABULATIONS

System

"
©
s}
(]

1
LLWWLWNINDNIN N = = = = \O ~J U N
QU WONUNTW O U+

GRIFFON System Characteristics
GALOSH System CharacteristicS —eeecceec---- T L
SA-1 System Characteristics
. SA-2 System-Characteristics-
-~ SA-3 System Characteristics
". GANEF System Characteristics
- SCUD A System Characteristics
SCUD B System Characteristics-
SHADDOCK System CharacteristiCS ——-=cecemcmeccmcaacoaao— :
SS-4 System CharacteristiCS-—--cocmmccmmmo el —
SS-5 System Characteristics : :
SS-6 System Characteristics-
SS-7 System Characteristics-
* SS-8 System Characteristics-
SS-9 System Characteristics
SS-10 System Characteristics --
SS-N-5 System Characteristics :
SERB System CharacteristiCs ~--==-cccemcmomccmcaccaaoo
SS-N-4 Systemn Characteristics -

L R T T B T |

' -UU.UUUU.UUU‘UU.UUUU.UDUU

D-1
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U.S. DESIGNATION SOVIET DESIGNATION

GRIFFON .

CONFIGURATION
STAGES

PROPULSION
BOOSTER
" SUSTAINER

WEIGHT
LAUNCH

EMPTY

THRUST
BOOSTER _
SUSTAINER

BURNING TIME
 BOOSTER _
SUSTAINER.

SPECIFIC IMPULSE
BOOSTER (S/L)
SUSTAINER (s/L)

MAXIMUM EFFECTIVENESS
VELOCITY
MANEUVERING ALTITUDE
. ENGAGEMENT RANGE (60 SEC) !

THOUSANDS OF FEET

ALTITUDE

(s) ! GRIFFON System Characteristics ()

D-2

TOP SECRET.

'NITRIC ACID/KEROSENE

UNKNOWN

f

TWO

"DOUBLE BASE

17,200 LBS’
7,020 LBS

“
S

‘252,200 LBS
29,300LBS

4.1 SEC
40.0 SEC

226 SEC
215 SEC

MACH 6.5
100,000 FT
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 SYSTEM_CHARACTERISTICS

U.S. NAME GALOSH

CONFIGURATION
TANDEM |

'WEIGHT

BOOSTER
- SUSTAINER

WARHEAD

THRUST .
Ist STAGE (SL)
2nd STAGE (SL)

BURNING TIME
“ist STAGE (SL)
2nd STAGE(SL)

" PROPULSION

Ist STAGE (SL)
2nd STAGE (SL) .

LAUNCHER

"GUIDANCE

(EST.) o @

MISSION AMM

STAGES
TWO

45,000 LBS
15,000 LBS

2,200 LBS .

1,000,000 LBS-
250,000 LBS

6.5 SEC.
6.5 SEC.

DOUBLE BASE
RFNA /KEROSENE

" TRANSPORTER/ CONTAINER

COMMAND

SEE FLY~OUT ENVELOPE ON REVERSE SIDE
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-9

!

-
W
- 4
v
L]
n
(-8
o
(.

TOP SECRET




TOP SECRET

!
i

| SYSTEM CHARACTERISTICS

CONFIGURATION
. CONFIGURATION _ SINGLE STAGE
PROPULSION ' ’ h
PROPULSION - -~ _ NITRIC ACID/KEROSENE
WEIGHT | . o : -
EMPTY (APPROX) : . 3000 LBS

LAUNCH(APPROX) : ) . 7500LBS
WARHEAD 500LBS

THRUST

THRUST - 20,000-22,000 LBS

' SPECIFIC IMPULSE : .
SPECIFIC IMPULSE - . . i 210-230 SEC

MAXIMUM VELOCITY

MAXIMUM VELOCITY - MACH 3

BURNING TIME \
BURNING TIME .~ 50 SEC

EFFECTIVENESS - : ~
MAXIMUM ALTITUDE . 60,000-80,000 FT
MINIMUM ALTITUDE o 6000 FT
MAXIMUM ENGAGEMENT RANGE - 20-25 NM
- MINIMUM ENGAGEMENT RANGE : 5-6'NM

)

. ~
/ LIMITED MANEUVER
;| CAPABILITY

EFFECTIVE DESTRUCTION
ENVELOPE :

ALTITUDE -103FT

: 1o
RANGE NM

" (S)| SA-1 System Characteristics . (U) :
. D=5
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U.S. DESIGNATION YO-YO
PURPOSE

FREQUENCY
T INITIALLY -
POSSIBLE CHANGE
PULSE REPETITION FREQUENCY

PULSE WIDTH-
BEAM WIDTH
- SCANNING SECTOR

’

ANTENNA SCAN RATE

MAXIMUM UNAMBIGUOUS RANGE

SOVIET DESIGNATION UNKNOWN

TARGET TRACKING
TARGET ACQUISITION
MISSILE TRACKING

3250- 3350 MCS -
3700-3800 MCS
2500 PPS

© 0.4 - 0.8 MICROSEC
1.5 DEG

54 DEG

.5 SCANS PER SEC

32NM

I

® Sa-) mssat WTE
W SA- MSSLE SUPRORT FACLITY

" TYPICAL SA—| SITE CONFIGURATION

‘MOSCOW AIR DEFENSE

D-6
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4

U.S. NICKNAME SA-2 GUIDELINE ‘ - SOVIET DESIGNATION V-75. .-

CONFIGURATION _ . o : * STAGES
. ]:ANDEM. N . ' . ) : TWO

WEIGHT A _ :
BOOSTER X C ) 2270 LBS
SUSTAINER . . : : 2760 LBS
WARHEAD(DIRECTIONAL ,HE - - 420 LBS
: OR FRAGMENTATION) . - S
THRUST

BOOSTER: . o 65,000 LBS
_ SUSTAINER -  6600LBS .

BURNING TIME

BOOSTER » B 4.3 SEC
SUSTAINER @ -~ . 42 SEC

PROPULSION _
BOOSTER, SOLID' S DOUBLE BASE
SUSTAINER,LIQUID. -+ NITRIC ACID/UDMH

LAUNCHER :
TYPE - : - SINGLE RAIL

ENGAGEMENT | . -
TYPE ) ‘ . : SINGLE TARGET
EFFECTIVENESS - .
: MAXIMUM ALTITUDE . 90,000FT
MINIMUM ALTITUDE . *2500FT

GUIDANCE COMMAND

) TYPE . PULSE CODED
3 - VARIES ~DEPENDING ON SITING & TARGET CONDITIONS

LIMITED MANEUVER CAPABILITY.

—

T T
10 1]
GROUND RANGE - NM

(S) SA-2 System Characteristics ) .D 7
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ALTITUDE = THOURANDS OF FETT

TOP SECRET

U.S. DESIGNATION FAN SONG"C"
PURPOSE
FREQUENCY

VERTICAL ANTENNA
HORIZONTAL ANTENNA

“PULSE REPETITION FREQUENCY

HIGH PRF -
LOW PRF
PULSE WIDTH
HIGH PRF
LOW PRF

. MAXIMUM UNAMBIGUOUS RANGE

HIGH PRF
"LOW PRF

" PEAK POWER

AVERAGE POWER

SCAN SECTOR

SECTOR SCAN RATE
DETECTION CAPABILITY

U.S. DESIGNATION"
SPOON REST "A"

PURPOSE

FREQUENCY

PULSE REPETITION FREQUENCY

PULSE WIDTH .

ANTENNA ROTATION RATE
POLARIZATION

HORIZONTAL BEAM WIDTH
VERTICAL BEAM WIDTH

PEAK POWER

AVERAGE POWER - I
MAXIMUM UNAMBIGUOUS RANGE
RANGE RESOLUTION

APPROXIMATE RANGE ACCURACY -

AZIMUTH RESOLUTION

APPROXIMATE AZIMUTH ACCURACY

.SOVIET DESIGNATION UNKNOWN

TRACK WHILE SCAN FIRE
" CONTROL RADAR

4925-4990 MCS
5020 -5090 MCS

1861-2080 PPS
963-1049 PPS

0.2-0.8 USEC
0.6-1.0 USEC

39-44 NM
77 -84 NM
l 2 MW/ANTENNA

578-1664 WATTS/ANTENNA
10 BY 20 DEG
16 PER SEC

iM2 CROSS SECTION AT 32NM(.9Fp)

SOVlET DESIGNATION
NKNOWN

“ EARLY WARNING NET
SA-2 SYSTEM ASSOCIATED

150- 157 MCS
300-400 PPS.
4-7 USEC

1.5-5 RPM,
HORIZONTAL
5-10 DEG
35-40 DEG .

375 KW

450- 1050 WATTS
~ 202-270 NM

. 1970-3450 FT
2500 FT

5-10 DEG

| DEG

PULSES/BEAM WIDTH DURING SCANNING - : #ao 267

DETECTION CAPABILITY

D-8

im2 crROSS SECTION AT 29

M(. QPD)
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THRUST

TOP SECRET

SYSTEM CHARACTERISTICS
uU.S. DESIGNA'"ON SOVIET DESIGNATION

SA-3 GOA

CONFIGURATION
. TANDEM ’

WEIGHT
BOOSTER
SUSTAINER
WARHEAD (HE FRAG)

BOOSTER
- SUSTAINER
PROPULSION . .
BOOSTER & SUSTAINER

LAUNCHER
TYPE

EFFECTIVENESS
MAXIMUM EFFECTIVE ALTITUDE

RANGE '~

GUIDANCE
TYPE

UNKNOWN.

STAGES
TWO

980 LBS
1070 LBS
175 LBS

30,500 LBS
3500 LBS

DOUBLE BASE SOLID
‘DUAL,"0" LENGTH

35,000 FT
12 NM

' UNKNOWN

r35,000 FT -

ALTITUDE

SA-3 System Characteristics (U)

. D-9

s
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U.S. DESIGNATION UNNAMED
PURPOSE

TYPE

OTHER CHARACTERISTICS

-U.S. DESIGNATION FLAT FACE

PURPOSE

FREQUENCY

PULSE WIDTH
PRF ‘

'UNAMJslsuous RANGE (MAX)
ECCM '

- .PEAK POWER
.SCAN_RATE
'VERTICAL BEAM WIDTH
HORIZONTAL BEAM WIDTH

" DETECTION CAPABILITY

SOVIET DESIGNATION UNKNOWN
Ml.I.TIPURPOSE GUIDANCE RADAR

MULTIANTENNA CONFIGURATION
MOUNTED ON SINGLE
PEDESTAL

UNKNOWN

SOVIET DESIGNATION' UNKNOWN
EARLY WARNING NET
SA-3 SYSTEM ASSOCIATED
822-836 MCS

880-900 MCS

1.5- 2.5 MSEC

480-520 PPS

630-710 PPS

168 NM

MTI/IAGC/FTC

500 KW/ANTENNA

/6 - 7.0 RPM

712 1/2 DEG

4 I/2 DEG

IM2 CROSS SECTION AT 4INM(.9Pp)
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e T e e € 3

svstl“w‘”c_.,; ANACTRRIS

U.S. DESIGNATION SOVIET DESIGNATION
GANEF - UNKNOWN

CONFIGURATION ' ) STAGES
TANDEM . . Two

WEIGHT _ .
BOOSTER ' 2200 LBS
SUSTAINER : ' 3300 LBS
WARHEAD (HE FRAG) . .. 400 LBS .

THRUST .
BOOSTER ’ i 21,000 LBS
SUSTAINER S - ~20,000 LBS (MAX)

BURNING TIME )
BOOSTER . _ . 3.75 SEC
SUSTAINER o - 2050 SEC

PROPULSION T
BOOSTER (SOLID) E DOUBLE BASE
SUSTAINER (RAMJET) ‘ GASOLINE—KEROSENE

LAUNCHER - ‘ '
TYPE ' : MOBILE DUAL,"0" LENGTH

AZIMUTH LIMITS - ’ 360°
ELEVATION -LIMITS i ) - 20°TO 60°

~
o
o
o
o
-
-

EFFECTIVE AREA OF DEFENSE

ALTITUDE MAX (20 LIMIT)

RANGE 2330 NM

GANEF System Characteristics’ ~(U) ;
D-11

TOP SECRET




aE O R &N Ok m m " ' N & BN . I .
. ’

*UOT3IBTA1I00 DATIBIUDY B 9IBITPUT (

™ %961 0ST CoyeRL

™y : " 996T  05%7-00€ - =X

Teuoyaeradp - %961 00§ R A7 &'
389, TeroRdy . 7961 0001 CORVS)  TWAA

pakordeq a1qe103g 6561  00F = HN-SS . (%938)

pakordag 21qe103g 0961 00zZ  NVAS  §-SS . $9Mg

pakordag , , wﬁﬁmHOUW 8661 LS6T - 0701  IVaNvS h=§S. £9%8
2038-UON - LG61 029 o 768 L-4
u22§210890 1035-uoy SS61 079  WALSAHS , 169 (s-)
 1035-uoy €561 029 - . 29°8 #(01-4)

JU906370590 / 1035-uoN (zS61) 00€  ONITAIS’ 2-SS - 8guzZg A

-
-
o -
v
. A
7
(- 8
(o
-

TOP SECRET

- - 9561  0S1 : rARE:

pakordoq | o1qea03§ 1961 6661 O0ST € QWS O1-SS 138 11-4
padordaq _ 31qe163S gg61  SST . 08-  V AMDS  q1-SS e 11-¥

pakoydag I 91qe103§ /61 6T OST  V QMOS  41-SS T9v8¢  11-¥
23210890 - I/¥ 1035-uoN %561 (0S61) _OST _MANNNDS __ ®BI-SS 11Vv8 1-4
SNIVLS INTNAD ADNVAIND INVITA4OMd O0I  ISEL HONVY FWVNOIN YOIYNOISEQ ¥OLYNOISEQ INTWIYINOTY

Lodld 5 I o I kHHV.mH.Z TAAVLLUTIN

VA NIISNAVH H< Q4ISAL SATISSIW OIISITIVE




TOP 'SECREATI:'I |
~ SYSTEM CHARACTERISTICS

US DESIGNATION ) . * SOVIET DESIGNATION
§$5-1B SCUD A o R-11 (8AGT)
. : |

" ENGINES. " STAGES

ONE . . ONE

N
o

10C-1957

VEHICLE WEIGHTS -
AT LIFTOFF ‘ i 11,890
AT BURNOUT : o - 4,150
USABLE PROPELLANT 7,740
PAYLOAD WEIGHT . . 1,166 -

PROPULSION UNIT ,
SEA- LEVEL THRUST : LBS
. BURNING TIME  (MAXIMUM) : SEC

TRAJECTORY DATA
TOTAL FLIGHT TIME 310 SEC
BURNOUT VELOCITY: 4,900 FPS
BURNOUT ANGLE ‘ 370
MAXIMUM' THRUST ACCELERATION 5G's
GUIDANCE TECHNIQUE . ' INERTIAL

PROPELLANT _ _
MIXTURE RATIO .(O:F) 1.90
MASS RATIO . ] ) 2.9
SPECIFIC IMPULSE (S/L) 218 SEC
PROPELLANT FLOW RATE . 84 LBS/SEC
TYPE . i IRFNA/ HYDROCARBON
CEP : 5 NM

APOGEE 39 NM

RANGE 156 NM

!

(S) 'SCUD A System Characteristics (U) D-13
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B

U.S. DESIGNATION -
$5-1C SCUD B

1.0.C. 1961

ENGINES
ONE

VEHICLE WEIGHTS
AT LIFTOFF -
AT BURNOUT
USABLE PROPELLANT
PAYLOAD WEIGHT

PROPULSION UNIT
SEA LEVEL THRUST
BURNING TIME (MAXIMUM)

TRAJECTORY DATA .

TOTAL FLIGHT TIME

BURNOUT VELOCITY
BURNOUT ANGLE"

MAXIMUM THRUST ACCELERATION

GUIDANCE TECHNIQUE

PROPELLANT -
MIXTURE RATIO (O:F)
MASS RATIO .
SPECIFIC IMPULSE (S/L)

PROPELLANT FLOW ‘' RATE .

TYPE
CEP

APOGEE 41 NM

SCUD B System Characteristics (U)

D-15
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SOVIET DESIGNATION
UNKNOWN

STAGES

ONE

20,525
92

. 310 SEC
5,000 FPS
37°
56G'S
INERTIAL

1.90

2.9

. 220 SEC
93 LBS/ SEC

IRFNA/ HYDROCARBON

4NM
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CRUISE MISSILE TESTS - KYMTR

MISSILE NUMBER | NUMEEKR FIRST LAST
DESIGNATOR { RANGE (NM) | TESTS SUCCESS TEST TEST USE

75 5 4 11/3/57 | 17/5/57 | Possible Ground
) Forces.

4/7/57 |18/7/57 | Unknown.

Aug 57 | Present SHADDOCK

27/9/60 | Present | SHADDOCK -
SS-N-3A.

29/10/59 | 27/4/60 | Naval

21/i0/59'117/3/60 | Cancelled

16/2/62 {29/5/62 | Naval

D-16
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. SYSTEM CHARACTERISTICS
U.S. DESIGNATION I sovnnsgesslenulon

S$SC-1 SHADDOCK

VEHICLE WEIGHTS oo : : : :
. GROSS WEIGHT . ' : ’ 10,000 LBS
WARHEAD WEIGHT : o 1000-1500 LBS.

- PROPULSION UNIT :

' - TYPE-SUSTAINER : - v TURBOJET
THRUST-SUSTAINER : 5400 LBS
TYPE-BOOSTER : g : SOLID
THRUST-BOOSTER : : 36,000 LBS

AJECTORY DATA ,
RANGE : . - 300 NM
ALTITUDE : B . [ - BELOW 3000 FT__
SPEED MACH 1.2

GUIDANCE Auronouo_uvs (POSS WITH TERMINAL HOMING)
' 1959

500 FT

| | 37 FT

. DIAMETER | s 3 FT
ING SPAN o . - 5.8FT

IS

) SHADDOCK System Characteristics (U)
D-17
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BRIEF FIRING HISTORY OF SOVIET AERODYNAMIC SYSTEMS DEVELOPMENT

P-10 | Unk 10X

P-5

P-5

P-6

{ P-35

Unk

Unk

75NM |75NM |150NM

150NM

300NM

150N

150NM

150NM

Z450NM

TOTAL
1

1
4(1)
5(1)

1(L)
1)

4(1)
6(2)
1(1)

2(1)
3

"2
5(3)

2(1)
3
2

'5(3)

5%

1
2

5 .

1
8(4)

*SKrZﬂ§quip-

.Jment used

for these.

2(1)
8(2)

32y
4(1)
10(2)
10(1)

5

8(1)
4(1)
6

E-Class:isub
fired msls:
to 225 nm,- .
SHADDOCK
displaved.

T4
7(1)
5

E

24(1)
7(1)

17(1)

Heavy crew
training
with the

2
.3
n 2

SHADDOCK

FWUNHPPWNEPFPONEIPONRIPMPONEIPLONRPONRDWND R W N.~f3
. : %

1

TOTAL

5(1) 13 5(1)

37(9)

89(8)

6(1)

5{5)

12

4(1)

T66(26)

NOTE:

%he number
1

in ( ) indicates failures, ‘Eiémple: "In the 2nd quarter of

957 there were four "P-IO”Alaunchings and one of the four faileq.
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[ . 100 200
| S W SN I D N——
ALTITUDE SCALE(NM)

74
CUT OFF
g
-
o
NA\_\T\GAL o -
MILES .

KILOMETFRS 9 .

U.S. DESIGNATION SS—4

AND
STAGES SAN AL.'
ONE

i0C~-1958 .
VEHICLE WEIGHTS

AT LIFT OFF

AT BURNOUT

PROPELLANT WT(USABLE) .
RE-ENTRY VEHICLE WT .
WARHEAD WT -

PROPULSION UNIT
BURNING TIME (TOTAL)
BURNING TIME (EFFECTIVE)
THRUST (VACUUM)
MASS RATIO
MAXIMUM ACCELERATION

PROPELLANT
MIXTURE RATIO(VOL-O F)
FLOW RATE :
- SPECIFIC IMPULSE(VAC)
TYPE

SOVIET DESIGNATION UNKNOWN

ENGINES

ONE (FOUR COMBUS-
TION CHAMBERS)
J

83,000 LBS
12,000 LBS
71,000 LBS
'2700-3200 LBS
. 1840-2200 LBS

129.84 SECS
© 129 SECS
145,000 £8000 LBS

€6.9X15 |

1.0 6'S

19111

550 LBS/SEC
260+ 4
IRFNA/HYDROCARBON

TRAJ ECTORY DATA

TOTAL FLIGHT TIME " 755 SECS.
BURNOUT VELOCITY 12,570 FT/SEC
BURNOUT ANGLE 35
MAXIMUM RANGEX . 1020 NM
MINIMUM RANGE - 350 NM

. CEP-
*NON-ROTATING EARTH

:APOGEE 217 NM

(s) S-4 System Characteristibs (V)

D-19
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TOP SECRET |:|

SYSTEM - CHARAchsﬂcs]

SN ol st O
U.S. DESIGNATION SS-5 - SOVIET DESIGNATION UNKNOWN
STAGES - (SKEAN) . | ENGINES

ONE . - ' {4 COMB-CHAMBERS)
10C - 196! . c - . . .

VEHICLE WEIGHTS

AT LIFT OFF ’ . - .~ 185,400 LBS
AT BURNOUT : 21,000 LBS
USABLE -PROPELLANT .~ . . . 165,000 LBS
RE-ENTRY VEHICLE . -~ 3300 LBS

PROPULSION UNIT

VACUUM THRUST

BURNING TIME (TOTAL)

BURNING TIME (EFFECTIVE)

DURATION OF REDUCED THRUST(VERNIER) PERIOD

PROPELLANT |

MIXTURE RATIO : 1.23:1(voL)
MASS RATIO 8.9l
SPECIFIC IMPULSE (VAC) o 277%10
PROPELLANT FLOW RATE . 1314 LBS/SEC
TYPE . L IRFNA/AMINE (UDMH)

TRAJECTORY DATA®

CEP . I NM
TOTAL FLIGHT TIME C ‘ 1048 SECS
BURNOUT VELOCITY . 16,470 FT/SEC
BURNOUT ANGLE . . 32.4°
MAXIMUM ACCELERATION T ' "126's
RANGE : 1920° NM (NRE)
MAXIMUM SYSTEM RANGE . ' 2200 NM (NRE)
GUIDANCE TECHNIQUE * ALL INERTIAL
RV BALLISTIC CO-EFFICIENT . A 1200 £ 100

=

DO 200 300 3 3 BASED ON 25 DEC 1962

ALTITUDE SCALE(NM) . ;TLT‘?S:?CARIASNSO NM

APOGEE 365 NM

(S)| SS-5 System Characteristics (U)

D-21
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SECRET |:|
SYSTEM CHARACTERISTICS”

U.S. DESIGNATION $S-6 SOVIET DESIGNATION UNKNOWN

CONFIGURATION STAGES

PARALLEL ONE AND ONE HALF

ENGINES
4 BOOSTERS
1 SUSTAINER
.4 VERNIER

BASED ON 7 JULY 1960 FIRING
THE 6700 NM MID-PACIFIC
IMPACT AREA.

FHIGKT TIME 42 MIN. 9 SEC.

WEIGHT
AT LIFT OFF
AT BOOSTER BURNOUT
AT SUSTAINER BURNOUT

THRUST
AT LIFT OFF
BOOSTER.
SUSTAINER (MAIN ENGINE)
VERNIERS

BURNING TIME

TOTAL
BOOSTER
SUSTAINER
VERNIER'

PROPULSION

FUEL
OXIDIZER .

ISP VACUUM (SUSTAINER)
ISP VACUUM (BOOSTERI}

RE -ENTRY VEHICLE

RE-ENTRY VEHICLE WEIGHT

WARHEAD WEIGHT
BALLISTIC COEFFICIENT
RE-ENTRY VELOCITY

' 530,000 LBS.
175,000 L8S.
23,000 LBS.

'

895,000 LBS. (VACUUM)
710,000 LBS. (VACUUM)
155,000 LBS. (VACUUM)

30,000 LBS. (VACUUM)

312 SEC.
18 SEC.
302 SEC.
312 SEC.

UDMH/HYDRAZINE

LIQUID OXYGEN
315

285 .

9,000 LBS.

6,000 LBS.

! 1,200 £ 200 LessFr2
23,790 FPS AT 300K FT

FIRINGS TO THE KAMCHATKA PENINSULA
IMPACT AREA REPRESENT A RANGE OF
ABOUT 3400 NM:
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‘ToP

Br\SED ON 13 SEPT 1961 FIRING
TO A 6500 NM MID-PACIFIC IMPACT
AREA. FLIGHT TIME 39 MIN.

SS-7 System Characteristics

TOP

U.S. DESIGNATION $S-7

-t
'SYSTEM CHARACTERISTICS™

k

 SOVIET DESIGNATION UNKNOWN
¥ STAGES "

TWO

CONFIGURATION

TANDEM

ENGINES

3 FIRST STAGE -

"1 SECOND STAGE
4 VERNIERS PER STAGE

WEIGHT
AT LIFT-OFF
AT FIRST STAGE BURNOUT
AT SECOND STAGE BURNOUT

THRUST
FIRST STAGE
SECOND STAGE (MAIN ENGINE )
VERNIERS (SECOND STAGE)

BURNING TIME
TOTAL (FIVE SECOND COAST PERIOD AT STAGING)
FIRST STAGE
SECOND STAGE
VERNIER SOLO(SECOND STAGE) -

PROPULSION

FUEL
OXIDIZER

ISP VACUUM (2ND STAGE)
ISP VACUUM (I ST STAGE)

RE-ENTRY VEHICLE
RE-ENTRY VEHICLE WEIGHT
WARHEAD WEIGHT

. BALLISTIC COEFFICIENT
-RE-ENTRY VELOCITY.

254,000 LBS
90,000 LBS
10,900 LBS

523,000 LBS (VACUUM)
154,500 LBS ( VACUUM)
12,000 LBS (VACUUM)

212.5 SEC
85.0 SEC
115 SEC
7.5 SEC

AMINE(UDMH)
IRFNA BASE

3300 LBS

2200 LBS

*1,200+ 200 Les/FT2

. 23,800 FPS AT 300K FT.

* YWO DIFFERENT RV CONFIGURATIONS HAVE BEEN ASSOCIATED WITH THIS SYSTEM
APOGEE €53 NM

Q)

D-25
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*BASqD ON OCT 196! FIRINGS
TO MID- PACIFIC IMPACT AREA.
FLIGHT| TIME 39 MIN.

"TOP SECRET

SYSTEM CHARACTERISTICS™

U.S. DESIGNATION SS-8

(SASIN)°

CONFlGURATION

TANDEM

ENGINES

I FIRST STAGE

SECOND

SOVIET DESIGNATION UNKNOWN

STAGES

AT LEAST TWC

AT LEAST 2 VERNIERS ON SECOND STAGE

WEIGHT

AT LIFT-OFF
AT FIRST STAGE BURNOUT

AT SECOND STAGE BURNOUT

SEPARATED MASS WEIGHT

171,500.LBS
57,600 LBS
* 9,770 LBS

1,225 LBS

% DOES NOT INCLUDE MASS EJECTED ON SHORT RANGE FIRINGS

THRUST -
, FIRST STAGE
SECOND STAGE

BURNING T IME
: TOTAL
FIRST STAGE
SECOND STAGE
VERNIERS -

PROPULSION
FUEL i
OXIDIZER
ISP VACUUM (2ND STAGE)

RE-ENTRY VEHICLE
_RE-ENTRY VEHICLE WEIGHT
WARHEAD WEIGHT | :
BALLISTIC COEFFICIENT
RE-ENTRY VELOCITY

APOGEE 625 NM

(-S) SS-8 System Characteristics (U)

'

ror srcer [

343,800 LBS (VACUUM)
74,750 LBS (VACUUM)

273 SEC

106 (EFF) SEC

. 60 (EFF) SEC
i 7 SEC

UDMH/HYDRAZINE (50/50)
’ LOX
327 + 3 SEC

3000 LBS

2200 LBS

1020 ues/rr2

23,800 FPS AT 300K FT
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$5.9

A DETAILED ANALYSIS OF THE S5-9 SYSTEM HUST'BE MADE BEFORE ITS
PHYSICLL CHARACTERISTICS CAN BE EVUMERATED

.9 WAS DESIGNED B? -THE SAME GROUP THAT

IT IS BELIEVED THAT THE SS-
SOME CHARACTERISTICS THAT HAVE BEEN DE-

DESIGNED THE S5-5 AND S§S-7. .
RIVED FROM TELEMETRY ARE:

THE MISSILE- 1S A IWO-STAGE SYSTEﬁ THAT EMPLOYS STORABLE
PROPELLANTS, ’

FIRS1 STAGE

FIR3! STAGE RURNING TIME DETERMINED FROM THE FIRING OF
5 AUGUST 1964) 1S 116.5 SECONDS.

SECOND STAGE

THE SECOND STAGE CONIAINS CNE MAIN ENGINE AND FOUR VERNIER
ENGINES, THE SECOND. STAGE D'IAMETER IS PROBABLY GREATER -
THAN THAT CF- THE S5-7 SECOND STACE.

Cs....267.35 SECONDS
, ) , wiciiro:.276.2 SECONDS
RV QLDARATLOV fesen cesse-icece..276,2 SECONDS
GUIDANCE .....c.cw: . LL{.r‘C‘RAploleERTLAL_
OXLDIZER iC-FUEL VOL 10 S
(VAC) FOR SECOND STAGE; tcces.c315 SECONDS3

RE -ENTRY" VEHICLLE WEIGHT. . L‘ PROBABLY GREATER THAN
© 5S-7RV,

TOP. SECRET
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.§5—9 LAUNCH ACTrvirs

TIMING SIGNAL DATA ' TELEMETRY DETAILS FLIM FLAM

REMARKS

PULSE - ARST _J
TRAY “

-
w

ALt
APOOLE (MM
YELOCITY AT
arosigyey |-

US19:15)61 /45 2 ' Although mut confirmed, available cvidence
0524:34100/23 = 2 indicates that this operation and the one oa
76424 ‘ 30 August are part of the SS=9 program.

lb{o/ 9 Preliminary analysts indicates that one
24 object of the firing was intensive ree
cntry vehicle testing.

17,100

61748f 03°:10 U4 : 1, . o ll}“ \fp;.:rnuun appears similar to that of
ko 24] 163500 August.

(633:41 :
16303

17,114

Ju759 U &4 [SEPLRY Y
OAUS - BT

UBLIS S

'ok Unk

| Unk

0M7:1

57
16§

04 27 ;501

§7°20,9'N
168°44.9'1

1514:01[1515 1519:13
: 1519:15

- 535 1519:13
542: 1519:00

15190
1519:26
153405

R-15 min 2} UT §U229:23[0230:28 ! R o FLIM PFLAM indicated Intent to track,
KLY R JFLIM FLAM, tcelemetry, neg-
0210 . ative, Timlng signat and a [cate

. . launch occurred. Missile probably falled
carly in flight. First (allurc (o the S5-9
program. -

OS17:14061 /48

U526:0406/ 24

21723

0724

280, 032340
ben

R-30 min b C) KL B 233 0235:57
KLY . : 02154:47
U203 b : 123557
. EER V254 47

. 0254.52

/=30 min y ] v Jososvods 2o zas fudds U447 .52
KLY E ¥ 06/ 24 U440 -4n JUSUT 49
0415 1 . U446 USUT -4y
G455 33 JUS0S 57
U449:15 030044

2248:54

-—471.13

2254:24

=
Re2 hrs - ‘U3 V2U7:20 . X Flirst - extended’ range firtng. Greatest
i K ob/24] 0. : V230:30 . range of any ICBM fired to date. Visually
o8 5 5 3 4 3 observed in umpact area. Contlnuation of.
H > R&D testing.

767241 0052
Cou . 704Und (236: 30
! SMRIS| 165745 (202 15
i N S 4 RYTTE)
| i

Ei - Main Engine Cuofl: E, - Vernier Engine Cutoll; k4 - Separafia

D-—-30
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‘§S—9 LAUNCH ACTIVITY

TIMING SIGNAL DATA TELEMETRY DETAILS %'A'f:scFr'b?#

El ruse [ wast REMARKS _
3 TRAN HEARD - )

w fw

LAUNCH
. POINY

AANOT (NW)
VELOCITY AV
APOOLE (FP3)

signal on the air for abuut 7

es. Negative FLLMFLAM.(sI‘:mc(ry
#&x\ncam failure. Probabl
prq,mmm as an extended range {lnng.

U9 Scp R 61748 0218:29 [ 0247:22 Visual

1964 66724 . 257 s h AE ual sighting of re~entry. Simiilar tos

0213.03 Y bt S 2 el Aug operation,
76724 :25 | 0257 ;

0229:21 | 0246:31

uaoi 1 403 b‘/"’“ : X" plus | The lack of FLIM FLAM tracking, andthe
71/ Unk 5 . 1285 reduced telemetry suggests an advanced -
R&D firing. Visual sighting of re-cntry.
Probably part of 8 uemomurullon.

2;}\9 min £ {ve usc of ry
0152 hicle stll) in R&D phase,

0205:00} ™
0209:06

0224:26

Acrodynamic fairings obacrved on radar.
Continuation of Rl-D ﬂrlns-.

poid 1 Indlcnmd (vm dcluyu In counte
EEI zi53 e zulzds o Jelays Jn coumts
<o su' aoan - { soq 1300 on Dln':nmmt
= X a0 i b= .

R-2 hrs i Timing signal indicated a launchat 0502Z.
331; . : Negative % visualsighte
a3z : . ing Indlcate fallurc 8 wis probnbly

an attempt to firc an SS-9 to the mid
Plcllh: tmpact Arca. .

X' plus | The misuile was tracked by radar and
894- visually observed in the impact area;
962 Delays were edinthe

2058 i

Post launch only

Fired lo’ Kamchatka trmpact area. Lmi
of FLIM FLAM probably duc to beacon
fallure. Continuation of R&D testing.
1616-733
: IF : “X" plus |[Flred to the Kamchatka impact area.
jo1/48] 0501 :46 :42 ' 1329 |FLIM FLAM Blltlon‘)lnionbynolrnck %
u/iﬂ g%: :g ; data passcd. Probably continuatlonof R&
704;4 0501 :48 N o restins.
132720 0504:3710504:5.
132720 0504:44
2800; 0517:47
14 ben 0523:35]0525:10
71724

Bagtse Cuteff] B - Vernier Englas Cutoff; &y - an

D-—-31
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SS—10 LAUNCH ACTIVIT‘!

LIM FLAM
TIMING SIGNAL DATA TELENETRY DETAILS TRAJECTO'?Y

REMARKS

DASHES [ PULSE

TRAIN d

RANGE (NM)

At
APOGEE (NW
VELOCITY AT
APOGEE (FPY)

ALTITUON

- 0919320 70001 : : " | Although thy Khutor FLIM FLAM sitc tn-
: ) 3 dicated a readiness to track, no validdata
0723:56 . - were passed. The lack of FLIMFLAM and
0733:03) - . negative indicate failure, The

- - internal Teaturcs of telemetry are not
similar to thosc of any other vehicles,

065601 ob/’d 0658:14} G718:35 s | Additional objects tracked by radar to
) 66 /Unk u7|u«’x) 071015 8. within 100 nm SW of Attu,

0741:0U7) 748 00 0700:49 3

0720:1U76748 rm 0639:29

36/Unk 0659:20] 0700):49
2800/ben 0714:20] 0718:35

0401 :40 0402:51! . . <X pl ‘Additional objects tracked by radar.,
- D419:59 .
D450:43 66/24{0420: Sl

7171 Iis ]
2800724 042505
'bcn

R-15 min] €U E X One additional object tracked by radar at
())(3[.4{ : : - -~ . - ranges of 375 « 345nm,

)425'0560/Unk : 0405:54
[ 4.22:4

66724 0422:49
1748 040 0405:10
"2B00/{ 0418:35 | 0322149
‘ben

01 Ay ;. 2 E 49 . .
g N 0549:01{0554:49 0549:49] 061655 . . s mum a:‘%ngl'l,g‘m:; gb ect .trnclu.d by radar

1964 3 co9
0554:49 0549:5110555:14
0539:59]| 0556:43

724061 2:55| 0616355

0600:18] U618:40 Zolza X Frobabiy parcof demamar -
0600:10{ 0600:45 2o H Y P mons rnu.un
055R:54 1 0000:45 5 S i

0614:10] 0618:32 2 \

IR O GN a0 OGN B GO N N A G s N D O B W e

02 Oct - B :27f0335:14 (,(,/24 0352:58 [ 0337:58 A o X * Probably continuation” of R&D Tirings.
358,14 55 5 4 ) - '

First cxtended range ﬂrlnr of SS-10.
Launthed to northernemost lmpact area.
Visual sighting in the fmpact arca.

El - Main Engine Cuoff; Ej - Vernier kngine Cutoff; £y - Scparaiion

D-—32
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' 8S-10

ALTHOUGH AVAILABLE INFORMATION IS TOO LIMITED TO PERMIT AN ESTIMATE
OF THE SS-10 SIZE, THE FOLLOWING CONCLUSIONS HAVE BEEN DRAWN:

. THE SS-10 WAS DESIGNED BY THE SAME TEAM THAT DESIGNED THE SS~6 AND
Ss-8. :

GUIDANCE" IS RADTIO-INERTIAL,

RV SEPARATiON IS DELAYED 0.5 SECONDS AFTER VECO THE FINAL STAGE
IS PROBABLY RETARDED, -

PROPELLANTS ARE LIKELY CRYOGENIC DUE TO THE TYPE OF PROPELLANT
" LEVEL SENSORS USED. .

- PERFORMANCE STUDIES CONSTRAINED BY BURNOUT CéNDITION AND MASS
,FRACTION YIELD A VALUE OF SPECIFIC IMPULSE BETWEEN 300 AND 340 SECONDS.

ON THE BASIS OF STAGE BURNING TIMES, THE VEHICLE IS EITHER:
A, UNDERSTAGED.
B. INCORPORATES MORE THAN TWO STAGES.

C. INCORPORATES A LIFTING POWERED FLIGHT TRAJECTORY.

TOP SECRET
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“SYSTEM CHARACTERISTICS )
U.S. DESIGNATION S5-N-5 SOVIET DESIGNATION UNKNOWN

Stages ' - Engines - ,
ONE | : - 4 Engines with no verniers

WEIGHT
At Liftoff - 32850 1bs
At Burnout . 7000 1bs

THRUST
At Liftoff ) 63100 1bs
At Burnout o . 72000 1bs

PROPULSION ”

Fuel - Amine (Hydyne)
Oxidizer : : o -IRFNA
Ispv . 273 sec
Useable Propellant 25850 1b
Burn time ) ' 98 sec
Propellant Flow Rate " 264 1b/sec
Mixture Ratio (o/f) vol 1.75

Mass Ratio : 4.7

RE~ENTRY VEHICLE .. .
Seperation . . 98.4
Weight : 1800

TRAJECTORY .
Range . 650 nm
Maximum Range ) 720 nm
. Apogee 158 nm
Flight time 622 sec
Guidance Inertial

ENGINE
COMP.
F— 4.1 > S

LINE DRAWING OF SS-N-5 MISSILE

D-34
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SYSTEM CHARACTERISTICS

U.S. DESIGNATION SERB SOVIET DESIGNATION UNKNOWN

Configuration ' ~ Stages
TANDEM TWO

Nozzle Arrangement
4 nozzles both stages

WEIGHT . :
At liftoff . 37800
At Burnout lst stage 14870
At ignition 2nd stage 9140
At Burnout 2nd stage 3100

THRUST . .
First Stage(Sea. Level) - : 87900
Second Stage(Vacuum) 26160

* Maximum Aeceleration,First Stage 5.5
Maximum Acceleration,Second Stage 7.7

"|BURNING TIME .
First Stage¥* . . . . 60
- Second Stage* 60

PROPULSION
Propellant Solid
Specific Impulse, '
_First Stage(Sea Level)X* 230 sec
Specific Impulse,
Second Stage(Vacuum)* ‘ 260 sec
Propellant Flow Rate;First Stage 382 1b/sec
Propellant Flow Rate,S?cbnd Stage 101 1lb/sec

RE-ENTRY VEHICLE . ‘ -
Weight o . . 1500 1b
Range - 1100 nm
Apogee . : . 252 .nm
Flight time _— 849 sec

[]4 [J Cut off angle : - 36 degrees
[ e . . .

*Assumed Values

fe— 4. 10'—

LINE DRAWING OF SERB MISSILE.
- D~35
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‘ﬁ: SYSTEM CHARACTERISTICS

U.S. DESIGNATION SS-N-4 SOVIET DESIGNATION UNKNOWN

Stages . Engines
ONE 1 main engine
4 control engines
(Control engines develop 1/3 of Thrust)

“WEIGHT .
At 1iftoff - 17600 1bs
~At MECO L . o 5175 1lbs
At VECO : 5020 1bs
‘Useable Propellant 12580 1bs

THRUST ' : _
At liftoff, : ‘ 32400 1b (S/L)
Main Engine ) ( 21600 1bs (S/L)
Control Engines . o 10800 1bs (S/L)
At burnout ) . 37740 1lbs (V)

BURN TIME
Main Engine o : 83.96 sec
Control Engines . 87.25 sec

PROPULSION L _ ~
Fuel - Kerosene
Oxidizer . IRFNA
Ispv : ' 255 sec
‘Propellant flow rate 148 1b/sec
Mixture Ratio(o/f) vol . 1.9
Mass Ratio (MECO) . 3.4

. e . | RE-ENTRY VEHICLE
KERO--- - Separation
. SENE Wei gnt
\\ ’,’ -

~ -

: TRAJECTORY _
Range a R 310 nm
ENGINE , 310 mm

Maximum Range

COMPT. 0 . Apogee : : : 83 nm
' Flight time ) 431 sec
Guidance L Inertial

LINE DRAWING _OF SS-N-4‘ MISSILE
' D-36
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ANNEX E. DISTRIBUTION LIST

Organization o | Copy No(s) .

No of Copies

ACS/1, DA (Liaison Office, Ft Meade) ~------~--- -
ACS/I1, DA .(DFI, The Pentagon)

(S&T Branch) .
Air Force --

SSO USS Northampton (CC-1))
SSO USS Wright (CC- 2))
SSO Ft Ritchie)

eadquarters, Commandant Marine Corps

NPIC Central Registry -
NSA=--cc e R e B s
ONJ -= -t e - .105-107

- (USN Field Opns Intel Ofﬁce) '
(USN Scientific & Tech Intel Center) )
State Department ----------——-- - omcmmm o 108

USARADCOM ----=-=---- e [

SSO Aberdeen '

SSO Alask@~==—-c—cc e o -

SSO Army Map Service '
SSO Des Loges-------- R ittt —124-125
5SSO Frafdcfurtr:c--_— ___________________________ 126 .

__________ P

7 SSO Hawau--——------—------------——-'—--Il -------
SSO Heidelberg : : -
SSO London 133
SSO Ft Monmouth E - . 134
SSO Paris - - - : - 135
SSO San FranciSco-<-=-=--cemmccmmcmecceo-—= - 136
SSO White Sands------=~=~-=-=-o-u- —_————- ——————— 137

- SSO Redstone-----=<--—eooo-mdemmoo o — 138-140
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